INTRODUCTION
Over the time, there has been a continuous search for dental materials that present an ideal combination of good mechanical, physicochemical and biological properties. Concerning the treatment of periapical injuries, this search has been even more incessant.
Cost has currently a great influence on material's. Mineral trioxide aggregate (MTA) has been shown to have good chemical and biological properties (1-7) and its behavior has been extensively investigated in several clinical applications (8, 9) . The elevated cost of this product, however, has not allowed its use in all levels of health attention. Despite this, if the clinical studies confirm the preliminary favorable laboratory results, MTA will probably be the retrofilling material of choice in most situations (1) .
Several studies have found better results with the use of MTA when compared to other retrofilling materials, such as glass ionomer cements, zinc oxide and eugenol (IRM), reinforced zinc oxide and eugenol (Super-EBA), amalgam and composite resin. The main characteristics that are responsible for the superiority of MTA include biocompatibility, lesser apical infiltration in parendodontic surgeries (2-4), lesser bacterial microleakage (5) and improved marginal adaptation to the cavity walls (6, 7) .
Different studies have compared the components of MTA and Portland cement, a material used in civil engineering, due to their chemical and physical similar-ity (5, 8) . Both materials are composed of calcium phosphate, calcium oxide and silica. MTA, however, contains bismuth oxide, an element that provides radiopacity (6) .
The possibility of using Portland cement as a less expensive alternative to MTA in dental practice should be considered. In view of this, the present study was designed to perform an in vitro comparative analysis of the components of a Portland cement (Votoran ® ; São Paulo, SP, Brazil) and two commercial brands of MTA (ProRoot ™ MTA; Dentsply/Tulsa Dental, Tulsa, OK, USA) and MTA-Angelus ® (Angelus Indústria de Produtos Odontológicos Ltda., Londrina, PR, Brazil).
MATERIAL AND METHODS
For scanning electron microscopic analysis with energy dispersive spectroscopy (EDS), 12 disc-shaped specimens (5 mm diameter X 1 mm height) of each material were fabricated according to the manufacturers' instructions, totalizing 36 specimens. The experiment was conducted at the Microanalysis and Microscopy Laboratory of the Pontifical Catholic University of Rio Grande do Sul, Porto Alegre, RS, Brazil. The specimens were fixed to labeled metallic stubs (Aluminum SEM Specimen Mount Stub; Cat. 75200; Electron Microscopy Sciences, Fort Washington, PA, USA) using doublefaced adhesive carbon tape (Nisshin Engineering Co. Ltd., Tokyo, Japan) and placed in a glass desiccator containing silica gel for 2 weeks to allow complete removal of humidity. Thereafter, the specimens were sputter-coated with gold (60 mA; Sputter Coater SCD 005; Baltec AG, Balzers, Liechtenstein), placed into the SEM vacuum camera and submitted to a pressure of approximately 10-5 torr. In this process, the tungsten filament is heated to release the electron bundle, which occurs on the specimen to scan its surface. Images are formed from electrical signals or x-rays released by the specimen. These images result from the interaction between the incident bundle and the specimen.
EDS was used to analyze the chemical elements present on the specimens, as it allows determining the intensity of the x-ray counting for a certain element. EDS data were randomly collected in three different sites of each specimen in graphs and subsequently transformed in numerical values. The gold used for sputter coating the specimens was excluded from the percentage of metals found.
The means of the chemical elements found in each material were compared by descriptive statistics.
RESULTS AND DISCUSSION
The collected EDS data are given in Table 1 . Similar chemical elements were found in all materials and there was a small percentile variation among them. Bismuth was detected only in MTA composition. In spite of the chemical similarity, it was observed a difference in the texture and in the particles of each material (Figures 1 to 3) .
MTA is composed by tricalcium silicate, tricalcium oxide, silicate oxide and other mineral oxides that are responsible for its physical and chemical properties.
Powder hydration results in a colloidal gel that solidifies in less than 4 h and has compressive strength similar to that of amalgam. The advantages of MTA include the fact that the presence of a dry area is not essential and its ease of handling, application and removal. A disadvantage of MTA is its long setting time (9) .
The pH and calcium ion release from the two commercial brands of MTA evaluated in the present study (Pro-root ™ -MTA and MTA-Angelus ® ) have been investigated by Duarte et al. (10) . To stimulate tissue mineralization, these materials are supposed to have an alkaline pH and calcium release. The specimens were immersed in deionized water and the water pH and the release of calcium ions were measured 3, 24, 72 and 168 h after immersion. The authors observed that the pH According to its manufacturer, MTA-Angelus ® does not require an awaiting time for hardening because its properties are improved in contact with a humid environment. MTA cements hve a pH of 10.2 soon after mixture, which is increased to 12.5 after 3 h and remains stable. The gel solidifies after 4 h and reaches its highest resistance to compression (70 Mpa) after 21 days (9) . When placed in an environment with acid pH, MTA has its apical sealing capacity increased (11).
Economides et al. (12) evaluated the short-term response from dogs' periradicular tissues to MTA used as a retrofilling material in absence of pathologies.
Tissue response was assessed between 1 and 5 weeks. The main observed characteristic was the presence of connective tissue after the first week. The presence of hard tissue around all MTA-filled specimens was also observed. The authors concluded that MTA is a biocompatible material that stimulates the repair of the periradicular tissues. MTA is generally mentioned as a dental material of great value for cases of non-favorable prognosis for parendodontic surgery and reportedly increases the success rates of any other procedures in which it is used (8,9). However, its cost is still high. Due to its chemical similarity to MTA, Portland cement has been investigated as a possible alternative material.
A previous study (13) investigated the chemical and antibacterial properties of various materials including Portland cement and MTA and found that that both cements are constituted of the same elements, except for bismuth (13) .
In a comparative analysis of mineral trioxide aggregate and Portland cement using plasma emission spectrometry (ICP-ES), Funteas et al. (14) evaluate 15 elements of MTA and Portland cement composition. The results showed similarities between the materials, except for the fact that there was no detectable quantity of bismuth in Portland cement. It was concluded that there was no significant difference between the other 14 elements in both Portland cement and MTA.
In the present study, a Portland cement (Votoran ® ) was used because the findings of a previous investigation (15) demonstrated the biocompatibility of this cement after implantation of this material in polyethylene tubes in the subcutaneous connective tissue of the rats during 7, 12 and 60 days.
According to its manufacturer's MSDS (material safety data sheet), Pro-Root ™ -MTA has in its composition 75% Portland cement, 20% bismuth oxide and 5% dehydrated calcium sulfate. According to its manufacturer, MTA-Angelus ® is composed of 80% Portland cement and 20% bismuth oxide and no calcium sulfate (gypsum). The absence of calcium sulphate is advertised to reduce the setting time to 10 min.
In this study, MTA-Angelus ® presented the highest amount of calcium in its composition (44.37%). However, this chemical element was not in the form of dehydrated calcium sulphate, as the information provided by the manufacturer.
The constituents of the Portland cement are minerals, among which the most important are tricalcium silicate (3CaO.SiO 2 ), dicalcium silicate (2CaO. (16) . The findings of the present study are in accordance with these results despite the different methods of comparison used.
Bismuth oxide, which is insoluble, is added to MTA to provide radiopacity (14) . In the present study, Pro-Root ™ -MTA presented the highest percentages of bismuth (9.2% on the average). Except for bismuth, Portland cement and MTA cements presented similar chemical formulations.
De Deus et al. (17) evaluated the cytotoxic effects of two brands of MTA (Angelus ® -MTA and Pro-Root ™ -MTA) and Portland cement on human ECV 304 endothelial cell line. All cements initially showed a similar elevated cytotoxic effect that decreased gradually with time allowing the cell culture to become reestablished. It has been reported that, based on the good results obtained in the pulpal treatment with Portland cement and MTA, bismuth oxide does not influence negatively the biological properties of MTA (18) . Other studies have demonstrated that good properties of MTA are also present in the Portland cement. Estrela et al. (19) found that the inhibition zones to S. aureus, E, faecalis and B. subtilis were identical for both materials. This indicates that, despite the slight difference in their compositions, these cements have similar properties, are atoxic and allow cellular adhesion, which means that bone formation is likely to be stimulated. The outcomes of the present study showed that bismuth was present only in both MTA cements.
This chemical element, used as radiopacifier, is not responsible for the biocompatibility of the MTA, and so bismuth is not a necessary element for civil engineering cement such as the Portland cement.
In conclusion, the tested cements have similar components, which supports that, as far as composition is concerned, the possible clinical use of Portland as an option to MTA.
RESUMO
O cimento Portland tem sido analisado e comparado com o agregado trióxido mineral (MTA) devido a sua similaridade química. Dada à possibilidade de uso na Odontologia como uma alternativa menos onerosa ao MTA, realizou-se uma análise comparativa dos componentes do cimento Portland (Votoran ® ) com os constituintes de dois cimentos MTA (Pro-Root ™ -MTA e Angelus ® -MTA). Para tanto, foram confeccionados 12 corposde-prova de cada um dos materiais (n=36), e estes foram analisados em microscopia eletrônica de varredura (MEV) pela técnica de espectroscopia por dispersão de energia (EDS), que fornece o percentual dos componentes químicos encontrados nos corpos-de-prova. As médias dos elementos químicos encontrados nos três cimentos foram comparadas por meio de análise estatística descritiva. O bismuto estava presente somente nos cimentos MTA. Concluiu-se que os cimentos testados apresentaram similaridade em seus constituintes, o que indica, considerando-se a composição, a possibilidade de futura utilização clínica do cimento Portland como alternativa ao MTA.
